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SPECIAL NOTES © : 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND 
EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH 
AND SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGA- 
TIONS UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER, 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. - 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- & ie 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A : 
ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS 
REVIEW CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT AS AN 
OPERATIVE API STANDARD FIVE YEARS AFTER ITS PUBLICATION DATE OR, 
WHERE AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. 
STATUS OF THE PUBLICATION CAN BE ASCERTAINED FROM THE API 
AUTHORING DEPARTMENT (TELEPHONE (202) 682-8000). A CATALOG OF API 
PUBLICATIONS AND MATERIALS IS PUBLISHED ANNUALLY AND UPDATED 
QUARTERLY BY API, 1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1992 American Petroleum Institute 
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FOREWORD 


This publication covers standard practice for level measurement of liquid hydrocarbons 
by automatic tank gauging, and supersedes all applicable sections of API Standard 2545, 
Method of Gaging Petroleum and Petroleum Products (October 1965), 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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SECTION 1B—STANDARD PRACTICE FOR LEVEL MEASUREMENT OF LIQUID 
HYDROCARBONS IN STATIONARY TANKS BY AUTOMATIC TANK GAUGING 


3.1B.1 Scope 


This standard covers level measurement of liquid 
hydrocarbons in stationary, aboveground, atmospheric 
storage tanks using automatic tank gauges (ATGs). The 
standard discusses automatic tank gauging in general, calibra- 
tion of ATGs for custody transfer or inventory control, and 
the requirements for data collection, transmission, and receiv- 
ing. Appendices discuss the operation and installation of the 
most commonly used ATG equipment and of less common, 
electronic ATGs. 

This standard does not cover the following: 


a. Hydrocarbons having a Reid vapor pressure above 15 
pounds per square inch absolute (100 kPa). 
b. Measurement of weight or mass with ATG equipment: 


c. Measurement of level in underground tanks or in pres- . 


: surized tanks storing liquid hydrocarbons. 
d. Conversion of tank level to liquid volume. 
€ e. Measurement of temperature, sampling, density, and sedi- 
ment and water (S & W), which are discussed in Chapters 
7-10 of the Manual of Petroleum Measurement Standards. 


Safety and material compatibility precautions should be 
taken when using ATG equipment. Manufacturers’ recom- 
mendations on the use and installation of the equipment 


should be followed. Users should comply with-all applicable -__ 


codes and regulations, API standards, and the National 
Electric Code. 


3.1B.2 Referenced Publications 


API 


Manual of Petroleum Measurement Standards 
Chapter 3.1A, “Standard Practice for Manual Gauging of 
Petroleum and Petroleum Products in Stationary Tanks” 
Chapter 7.1, “Static Temperature Determination Using 
Mercury-in-Glass Tank Thermometers” 
Chapter 7.2, “Dynamic Temperature Determination” 
Chapter 7.3, “Static Temperature Determination Using Port- 
able Electronic Thermometers” 
Chapter 7.4, “Static Temperature Determination Using 
Fixed Automatic Thermometers” 
Chapter 8.1, “Manual Sampling of Petroleum and 
Petroleum Products” 
Chapter 8.2, “Automatic Sampling of Petroleurn. and 
Petroleum Products” 
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Chapter 9.1, “Hydrometer Test Method for Density, Rela- 
tive Density (Specific Gravity), or API Gravity of Crude 
Petroleum and Liquid Petroleum Products” 
Chapter 9.2, “Pressure Hydrometer Test Method for Den- — 
sity or Relative Density” 
Chapter 10,1, “Determination of Sediment in Crude Oils. . 
and Fuel Oils by the Extraction Method” 
Chapter 10.2, “Determination of Water in Crude Oil by 
Distillation” 
Chapter 10.3, “Determination of Water and Sediment i in 
Crude Oil by the. Centrifuge Method (Laboratory Proce- 
dure)” 
Chapter 10.4, “Determination of Sediment and Water i in 
Crude. Oil by the Centrifuge Method (Field Procedure)” 
Chapter 10.5, “Determination of Water in Petroleum 
. Products and Bituminous Materials by Distillation” 
Chapter 10.6, “Determination of Water and Sediment in 
Fuel Oils by the Centrifuge Method. (Laboratory Proce- 
dure)” 
Chapter 10.7, “Standard Test Method for Water in Crude - 
Oil by Karl Fischer Titration (Volumetric)” 
Chapter 10.8, “Standard Test Method for Sediment i in 
Crude Oil by Membrane Filtration” 
RP 500, Recommended Practice for Classification of Loca- 
tions for Electrical Installations at Petroleum Facilities 
RP 2003, Protection Against Ignition Arising Out of State, 
Lightning and Stray Currents 


3.1B.3 General 


This section applies to all types of ATGs.- Safety precau-.. 
tions are listed separately from general precautions ana affect 
accuracy or performance. : 

Note: The following precautions are given in addition to any existing federal, 
state, or local régulations (for example, the Occupational Safety and Health 


Administration) that govern practices described in this standard. Users of this 
standard should be familiar with all applicable safety and health regulations. 


- 3.1B,3.1. SAFETY PRECAUTIONS 


These safety precautions represent good practice. This list 
is not necessarily complete or comprehensive. Refer also to 
the safety precautions described in API Recommended Prac- 
tice 2003. 
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3.1B.3.1.1. Tank Entry 


Before a tank that once contained hydrocarbon liquids, 
vapors, or toxic material is entered, all lines to the tank shall 
be disconnected or blinded and a gas-free certificate shall be 
obtained. 


3.1B.3.1.2 Hazardous Areas 


All regulations covering entry into hazardous areas shall 
be observed. Electric equipment for use in electrically clas- 
sified areas shall meet the area classification. Refer to the 
following API Recommended Practices (RPs): 


a. RP 500. 
b. RP 2003. 


3.1B.3.1.3 Maintenance 


All ATG equipment shall be maintained in safe operating 


condition, and manufacturers’ instructions shall be complied 


with. 


3.1B.3.1.4 Environment 


All ATGs shall be capable of withstanding the pressure, 
temperature, and other environmental conditions likely to be 
encountered in service. 


3.1B.3,1.5 Sealing 


All ATGs shall be sealed to withstand the vapor pressure 
of liquid in the tank. 


3.1B.3.1.6 Manual Gauging 


Manual tank gauging can be associated with exposure to 
immediately dangerous chemicals. When an ATG is checked 
or calibrated by manual gauging, the manual gauging should 
be done in accordance with Chapter 3.1A. 


3.1B.3.1.7 Speed of Response 


ATGs should have sufficient dynamic response to track 
the liquid level during maximum rates of tank filling or 
emptying. : 


3.1B.3.2 GENERAL PRECAUTIONS 


The following general precautions affect the accuracy and 
performance of all types of ATGs. They should be observed 
where they are applicable. 


3.1B.3.2.1. Tank Temperatures 


Tank temperature should be measured at the same time the 
tank level is measured. The tank temperature should be rep- 
resentative of the tank contents in accordance with Chap- 
ter 7. 


3.1B.3.2.2 Recording Levels 


Level measurements should be recorded as soon as they 
are taken, unless the remote readout equipment of the ATG 
system automatically records the levels periodically. 


3.1B.3.2.3 Opening and Closing Gauges 


The same procedures should be used to measure a tank 
level before the product transfer (opening gauge) and after 
the product transfer (closing gauge). 


3.1B.3.2.4 Compatibility 


All parts of the ATG in contact with the product should be 
compatible with the product, to avoid both product con- 
tamination and ATG corrosion. The ATG should be designed 
to meet the operating conditions. 


3.1B.3.2.5 Settling Time 


Refer to Chapter 3.1 A for guidance on settling time before 
tank levels are measured. 


3.1B.3.3 ACCURACY LIMITATIONS OF TANK 
MEASUREMENTS 


Volume measurements of tanks have the following in- 
herent accuracy limitations, regardless of the measuring 
equipment used: 


a. Accuracy of tank capacity table, including the effect of 
tank tilt and hydrostatic pressure. 

b. Bottom movement. 

c. Incrustation. 

d. Movement of the tank gauge reference point or the ATG 
top mounting point during tank transfers or because of ther- 
mal expansion. Both affect outage gauging. 

e. Movement of the datum plate or the ATG bottom mount- 
ing point during tank transfers or because of thermal expan- 
sion. Both affect innage gauging. 

f. Random errors in level, density, and temperature meas- 
urement. 

g. Expansion of the tank diameter due to temperature. 

h. Operational procedures used in the transfer. 


These inherent limitations may have significant impact on 
the overall accuracy of manual gauging and of all types of 
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automatic tank gauging. These limitations are covered in 
detail in Chapter 3.1A. 


3.1B.3.4 ACCURACY LIMITATIONS OF VARIOUS 
TYPES OF ATGS 


Some types of ATGs have inherent accuracy limitations 
in addition to those listed in 3.1B.3.3. These are covered in 
Appendix B for each type of ATG. 


3.1B.3.4.1 Use of Hydrostatic Tank Gauges for 


Level 


A hydrostatic tank gauge (HTG), discussed in Appendix 
B.2.3., is a static mass measurement device. The device is 
included as part of this standard to provide an alternative 


method for computing tank level from the static mass (as © 


measured by HTG). 

It is recognized that the accuracy of level thus computed 
may be compromised by other parameters such as density 
variation, rather than by the HTG device itself. The HTG 
should not be represented as a device for direct automatic 
level gauging, but rather as a device for inferential level 
gauging. : 


3.1B.3.5 USE OF ATGS FOR CUSTODY 
TRANSFER OR INVENTORY CONTROL 


Depending on the overall accuracy of the ATG as installed 
(“installed accuracy”), ATGs may be used either for custody 
transfer or for inventory control or accounting purposes. The 
use of ATGs for custody transfer normally requires mutual 
contractual agreement between the buyer and the seller and 
may be subject to federal, state, and local regulations. 


3.1B.3.5.1 Remote Readout Custody Transfer 


The remote readout of an acceptable ATG may be used for 
custody transfer. Certain types of ATGs include a 
repeatability checker (operation checker) to confirm proper 
functioning of the gauge. Before the remote readout is used 
for custody transfer, it should be checked to confirm that the 
reading does not change when the repeatability checker (or 
similar device) is actuated. 


3.1B.3.5.2 Sealing Calibration Adjustment 


ATGs used for custody transfer should provide facilities 
to allow sealing the calibration adjustment to prevent un- 
authorized adjustment or tampering. 


3.1B.3.6 INSTALLATION OF ATGS 


3.1B.3.6.1 Mounting Location 

The mounting location of an ATG may affect its accuracy 
after installation. For accuracy in custody transfer it is essen- 
tial that the mounting location have minimal vertical move- 
ment with respect to the tank reference, which is the joint 
where the tank shell and bottom meet, or the bottom corner. 


3.1B.3.6.1.2 Top Mounting Without a Still Pipe 
(Stilling Well) : 


The ATG may be supported on the roof of a fixed-roof 
tank. This kind of mounting may cause the ATG to move 
vertically when the tank is filled or emptied. 


3.1B.3.6.1.3 Top Mounting With a Still Pipe 


Figure 1(a) shows an ATG mounted on a still pipe on a 
fixed-roof tank. Figure 1(b) shows an ATG mounted on a still 
pipe on a floating-roof tank. Alternatively, the still pipe may 
use a trunnion supported by the bottom course of the shell, as 
shown in Figures 2(a) and 2(b). 

ATGs mounted on properly supported still. pipes, as il- 
lustrated in Figures I and 2, deliver higher accuracy because 
the still pipe is. supported on a stable location, and ATG 
movement is minimized when the tank is filled or emptied. 


3.1B.3.6.1.4 Avoiding Turbulence 


If the measuring element is subjected to excessive tur- 
bulence, certain types of ATGs may be thrown out of calibra- 
tion. The ATG should be located away from tank inlets, tank 
outlets, and tank mixers or in a still pipe to minimize the effect 
of turbulence. and swirl. 


3.1B.3.6.1.5 Proximity to the Gauging Hatch 


The ATG should be located near the gauging hatch so that 
its accuracy can be easily checked by manual gauging. The 
ATG mounting and the tank reference point of the manual 
gauging hatch should be rigidly connected to avoid errors 
caused by. differential movement. 


3.1B.3.6.2 Still Pipe Design 


3.1B.3.6.2.1_ Support for the Still Pipe 


The bottom corner of the tank, where the shell plate is 
welded to the bottom plate, is the stable point to which: the 
tank reference point and the boftom datum plate are referred. 
The still pipe should be attached either to the bottom of the 
tank or to the bottom course of the shell of the tank, The still 
pipe should be guided at the top of the tank. 

The still pipe may be supported on the bottom of the tank 
(Figure 1) if the tank bottom does not move in relation to the 
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Automatic tank gauge 


Stilling well sliding guide 


Slotted stilling well (1) 


Float or displacer if 
applicable (2) 


Automatic tank gauge 


Stilling well sliding guide 


Slotted stilling well (1) (3) 


Pontoon 


Float or displacer if 
applicable (2) 


Typical 18 to 30 inches 
(450 to 800 millimeters)(to 
centerline of stilling well) 


INSTALLATION OF TOP-MOUNTED ATGS ON 
FIXED-ROOF TANKS WITH STILLING WELL 


| Typical 18 to 30 inches 
‘ (450 to 800 millimeters) (to 
centerline of stilling well) 
: : . ; Datum plate (4) 


Datum plate (4) 


INSTALLATION OF TOP-MOUNTED ATGS ON 
FLOATING-ROOF TANKS WITH STILLING WELL 


Notes: (1) Separate stilling well(s) for manual gauging and temperature measurement may be installed adjacent to the ATG stilling well. 
(2) Typical for float or servo-operated ATGs. Non-contact, top-mounted level gauges can be installed in a similar way. 
(3) Use of slotted wells for ATG, manual gauging, and temperature measurement on open floating tanks may be subject to environmental 


regulations. 


(4) Datum plate should be mounted on tank bottom, below stilling well, or located 4 to 6 inches (100 to 150 millimeters) below 


stilling well (as shown). . 


Figure 1—Installation of Top-Mounted ATGs on Floating-Roof Tanks With Stilling Well 


joint where the shell and bottom meet. Alternatively, the still 
pipe may be supported by a trunnion or hinge connected to 
the bottom course of the shell (Figure 2). The trunnion-sup- 
ported still pipe should be designed to minimize vertical 
movement of the still pipe. The upper end of the still pipe and 
the sliding guide should be designed to allow vertical free 
movement of the tank shell caused by bulging or expansion 
of the tank shell. 


3.1B.3.6.2.2 Location 


When a tank is filled, the bottom of the tank may be 
deflected upward by the angular deflection of the shell in the 
area immediately adjacent to the bottom joint. Further from 
the shell, the bottom is usually deflected downward. The 
amount of deflection depends on the soil conditions and the 
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foundation design. In most cases, the bulging of the shell 
ceases to cause bottom movement approximately 18-24 
inches (450-600 millimeters) from the shell. For tank con- 
struction considerations, the centerline of the still pipe should 
be located between 18 and 30 inches (450-800 millimeters) 
from the shell of the tank (Figures 1 and 2). 


3.1B.3.6.2.3. Nominal Diameter 


The minimum recommended diameter is 8 inches (200 
millimeters). With float-operated ATGs, still pipes of larger 
diameter may be used to accommodate larger-diameter floats. 


3.1B.3.6.2.4 Depth 


The still pipe should extend within 12 inches (300 mil- 
limeters) of the bottom of the tank. 
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Automatic tank gauge : Automatic tank gauge 


seed 


Stilling well sliding guide - 


Stilling well sliding guide Slotted stilling well (1)(3) 


Slotted stilling well (1) Pontoon, 


La 


Float or displacer if 


Float.or displacer if - | applicable.(2) 


applicable (2) ; : 
18 to 30'Inches 

(450 to 800 millimeters) (to 
centerline of stilling well) 


18 to 30 Inches 
(450 to 800 millimeters) (to 


centerline of stilling well) 
See Detail A ; 
See Detall. A 


Datum plate (4) F See Note 4 re See Note 4 


DETAIL A 


f ; 
INSTALLATION OF TOP-MOUNTED ATGS ON INSTALLATION OF TOP-MOUNTED ATGS ON 
@ FIXED-ROOF TANKS WITH STILLING WELL FLOATING-ROOF TANKS WITH STILLING WELL : 


Notes: (1) Separate stilling well(s) (“‘still pipes”) for manual gauging and temperature measurement may be installed adjacent to the ATG stilling well. 
(2) Typical for float or servo-operated ATGs. Non-contact, top-mounted level gauges can be installed in similar way. 
(3) Use of slotted stilling wells for ATG, manual gauging, and temperature measurement on open floating tanks may be subject to 
environmental regulations. : : 
(4) Close to tank bottom as practical. Typically 10 inches (or 250 millimeters) from bottom, . 
(5) Datum plate should be mounted on tank bottom, below stilling well, or located 4 to 6 inches (or 100 to 150 millimeters) below 
stilling well (as shown). ‘ 


Figure 2—Installation of Top-Mounted ATGs on Floating-Roof Tanks With Stilling Well 


3.1B.3.6.2.5 Slotted Still Pipes” 3.1B.3.6.3 Mounting of ATGs 

The still pipe should have one or two rows of slots or holes , sis 
of about 1-inch (25-millimeter) width, on opposite sides and . The ATG should be mounted securely to have minimal 
continuing above the maximum oil level. In certain locations, vertical movement with respect to the tank reference, which 
still pipes without slots are used to comply with local air is the bottom corer we joint. The mounting should comply 
pollution regulations. “Solid” still pipes can lead to serious with manufacturer’s instructions. 


errors in level and temperature measurements and should not 


be used for measurement in custody transfer. ~ F hae si 
3.1B.3.6.4 Installations in Corrosive Services 


3.1B.3.6.2.6 Datum Plates : 

& When an ATG is installed in a corrosive service,.any parts 

Refer to Chapter 3.1A on manual tank gauging for details exposed to the vapors should be of durable, corrosion-resis- 
on installation of the datum plate. tant construction. ; 
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6 CHAPTER 3—TANK GAUGING 


3.1B.3.7 REMOTE READOUT 


3.1B.3.7.1. General 

The manufacturers of ATGs also make level transmitters 
that convert the level information into an electronic signal. 
The level resolution of the transmitter signal is typically Vie 
inch, or 1 millimeter for metric reading gauges. 

The transmitters are usually designed to tie into a wiring 
network of a data communications highway. This ability 
minimizes the wiring cost of tying a large number of tanks 
into a central location. The wiring and the digital signals are 
proprietary to each ATG manufacturer. Provisions for signal 
. security and transient and surge protection should meet or 
exceed the requirements set forth in Section 4 of this standard. 

At a minimum, the remote readout by the receiver unit 
should meet the requirements set forth in 3.1B.5.4 of this 
standard. 


3.1B.3.7.2 Transmitter Installation 


The level transmitters should be installed and wired in 
accordance with the manufacturer’ s instructions. 


3.1B.4 Field Calibration of Automatic 
Tank Gauges 


3.1B.4.1 GENERAL 


Most ATGs are factory calibrated, and the span cannot be 
adjusted in the field. The procedures for field calibration 
described below consist of setting a single point on the 
factory-calibrated span to match the tank level when the tank 
is approximately half full. The installed accuracy of the ATG 
is then “verified” by comparing the ATG against manual 
gauging at single or multiple levels. Accuracies are specified 
for custody transfer or inventory control. 


3.1B.4.2 FIELD CALIBRATION BY INNAGE OR 
OUTAGE GAUGING 


ATGs that measure level from the top down, for example, 
float-operated, servo-powered, radar, and most other types of 
ATGs, should be field calibrated by manual outage gauging. 
ATGs such as hydrostatic tank gauges that measure level 
from the bottom up should be calibrated by manual innage 
gauging. 

The calibration methods given above are necessary to 
match the capability of the ATG with the reference method. 
The ATG is designed to sense and transmit the distance from 
the sensor to the liquid surface. It cannot compensate for 
inaccuracies of level caused by the tank measurement limita- 
tions described in 3.1B,3.3. 


3.1B.4.3 CALIBRATION PRELIMINARIES 


The procedures listed below should be followed prior to 
calibrating ATGs. 
3.1B.4.3.1 Initial Filling 

Before the initial calibration is performed, new tanks 
should be filled and allowed to stand to minimize the errors 


caused by initial bottom settlement, as recommended in 
Chapter 2, “Tank Calibration.” 


3.1B.4.3.2 Weather Conditions 


Calibration should not be done during high winds or severe 
storms, both for safety and to avoid movements of the tank 
shell, the ATG mounting, or the liquid surface. 


3.1B.4.3.3 Settling Time 


Prior to the calibration of a new or repaired ATG, the tank 
should be allowed to stand at a constant level long enough for 
air or vapor to be released from the liquid and for the tank 
bottom to reach a stable position. The tank mixer should be 
turned off long enough to allow the liquid to come to rest. For 
electrostatic charge relaxation, refer to API Recommended 
Practice 2003. 


3.1B.4.3.4 Check for Smooth Operation 


After mounting a new or repaired mechanical ATG and 
prior to calibration, the tape, cable, and connecting elements 
should be centered. They should not touch or rub against the 
inside of the tape conduit at any point. Travel of the float or 
displacer through the normal range from top to bottom of the 
tank should be smooth and free, with no binding or friction. 

The tape, cable, guide pulleys, gauge head, and all com- 
ponents of the mechanical ATG should be checked by 
manually moving the tape or cable through the entire range 
to ensure free operation. This check should be done slowly to 
simulate actual operation and to avoid damaging the ATG 
mechanism. 


3.1B.4.4 CALIBRATION FOR CUSTODY 
TRANSFER 


3.1B.4.4.1 General 


The purpose of calibration for custody transfer is to ensure 
that the ATG, as installed, can sense and indicate level over 
its measuring range as accurately as manual tank gauging that 
is properly performed. The following procedures apply to all 
types of ATGs to be used for level measurement of custody 
transfer. Refer to the appropriate appendix for additional 
procedures required by specific types of ATGs. 
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3.1B.4.4.2 Accuracy of the Manual Gauging Tape 


The manual gauging tape used for ATG calibration should 
be a test tape certified by the National Institute of Standards 
and Technology (NIST) or a working tape that has been 
recently compared with a tape certified by NIST. 


3.1B.4.4.3 Number and Repeatability of Manual 
Gaugings 


At least five consecutive manual gaugings should be 
taken, and the results should be averaged. The five consecu- 
tive manual gaugings should agree within an error band of 
1 inch (3 millimeters). This agreement means the highest and 
the lowest of the readings are within 14 inch. For example, if 
five readings are taken as 15’ -0 -0", 15’ -0 -0", 15’ -0 -0", 15’ 
-0 -0", and 15’ -0 -¥“, they are within an error band of 14 
inch. F 


3.1B.4.4.4 Repeatability Checker 


If the ATG is equipped with a repeatability checker, the 
checker should be used before taking each ATG reading. The 
displacer of a servo-operated automatic tank gauge (STG) 
should be raised approximately 2-4 inches (50-100 mil- 
limeters) and returned to the operating position before taking 
each reading. This procedure serves the same purpose as the 
operation checker on a float-operated automatic tank gauge 


(FTG). 
3.1B.4.4.5 Preliminary Calibration and Setting 


The preliminary calibration should be done when the tank 
is approximately half full, and the ATG should be set to the 
average of the five manual gaugings. 


3.1B.4.4.6 Final Calibration 


The final calibration should be performed by verifying the 
ATG reading at three random test levels in the top, middle, 
and bottom thirds of the gauge travel. Five referee manual 
gauges should be taken by experienced personnel. These five 
manual gauges should be taken consecutively at each level, 
by the same person using the same tape. These readings 
should be synchronized with five consecutive ATG readings 
read by another person at the same time. The three calibra- 
tions should be performed within the shortest practical time 
period. 


3.1B.4.4.6.1 Repeatability of Consecutive 


Readings 


The five consecutive manual gauges should check with 
each other within an error band of 14 inch (3 millimeters), 
The five consecutive ATG readings should check with each 
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other within an error band of 44 inch (3 millimeters). Failure 
of either group to check within these limits is cause for 
repeating the calibration. 


3.1B.4.4.6.2 Average Manual Level and Average 
ATG Level 


The average manual level is the average of the five manual 
readings. The average ATG level is the average. of the five 
ATG readings. These averages should not be rounded off, 


3.1B.4.4.6.3 Required Accuracy of the Installed 
ATG 


The average manual levels and the average ATG levels 
should be compared at’each of the three test levels. If the 
average manual level and the average ATG level agree within 
+ inch (3 millimeters) at all three levels, the ATG should 
be considered properly calibrated for custody transfer level 
measurement. 

If the average manual level and the average ATG level 
differ by more than 1% inch (3 millimeters) at any of the three 
test levels, the installation of both the manual gauging refer- 
ence point and of the ATG should be checked for inherent 
installation errors. 


3.1B.4.4.7 Subsequent Verification of ATG 
Accuracy © 


Frequency of Subsequent 
Verification 


3.1B.4.4.7.1 


A regular verification program shouldbe established for 
custody transfer ATGs. All essential components of the ATG 
installation should be checked as recommended by the 
manufacturer’s instructions. Initially, each ATG should be 
inspected and its calibration verified at a single level at least 
once per month. If operating experience confirms stable 
performance within the calibration tolerance, the verification 
schedule can be extended to once per quarter. 


3.1B.4.4,7.2 Record Keeping | 


Records should be kept of the initial calibration and the 
periodic verification of each custody transfer ATG, 


3.1B.4.4.7.3 Subsequent Verification and Need 
for Recalibration. 


For subsequent verification, three manual gauges and © 
three simultaneous ATG readings should be taken when the 
tank is approximately half full. The limits described in 
3.1B.4.4.6 should be used. If these limits are met, the ATG 
should be considered to remain in calibration for custody 
transfer level measurement. 

If the limits are not met, the ATG should be considered to 
be out of calibration for custody transfer level measurement. : 
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It should be recalibrated or rezeroed per manufacturer’s in- 
structions and then should be reverified as described in 
3.1B.4.4.6. If the ATG meets the above calibration limits, it 
should be considered suitable for custody transfer. If it is still 
outside the calibration limits, it should be repaired or replaced 
and then recalibrated in accordance with 3.1B.4.4 before it is 
used for custody transfer. 


3.1B.4.5 CALIBRATION FOR INVENTORY 
CONTROL 


3.1B.4.5.1 General 


Inventory control has less rigorous requirements for ac- 
curacy than custody transfer. The following calibration (or 
verification) procedures outline generally accepted practices. 
Since inventory control is largely for internal use, the user can 
substitute more or less rigorous requirements. The following 
procedures apply to all types of ATGs used for inventory 
control. Refer to the appropriate appendix for additional 
procedures required by a specific type of ATG. 


3.1B.4.5.2 Number of Manual Gaugings 


Manual tank gauging can be associated with exposure to 
immediately dangerous chemicals. Manual gaugings should 
be done in accordance with Chapter 3.1A. 

Three consecutive manual gaugings should be taken, and 
the results should be averaged. The three gaugings should 
agree within an error band of 4 inch (6 millimeters). 


3.1 B.4.5.3 Repeatability Checker 


If the ATG is equipped with a repeatability checker, it 
should be used before taking each ATG reading. The dis- 
placer of an STG should be raised approximately 2 to 4 inches 
(50 to 100 millimeters) and returned to the operating position 
before taking each reading. This checker serves the same 
purpose as the operation checker on an FTG. 


3.1B.4.5.4 Preliminary Calibration and Setting 


The preliminary calibration should be done when the tank 
is approximately half full, and the ATG should be set to the 
average of the three manual gaugings. The averages should 
not be rounded off. 


3.1B.4.5.5 Final Calibration 


The final calibration should be performed by verifying the 
ATG reading at three random test levels in the top, middle, 
and bottom thirds of the gauge travel. Three manual gauges 
should be taken consecutively at each level, by the same 
person using the same tape. These three readings should be 


synchronized with three consecutive ATG readings made by 
another person at the same time. 


3.1B.4.5.5.1 Repeatability of Consecutive 


Readings 


The three consecutive manual gauges should check with 
each other within an error band of % inch (6 millimeters). 
The three consecutive ATG readings should check with each 
other within an error band of 14 inch (6 millimeters). Failure 
of either group to check within these limits is cause for 
repeating the calibration. 

The average manual level is the average of the three 
manual readings. The average ATG level is the average of the 
three ATG readings. : 


3.1B.4.5.5.2 Required Accuracy of the Installed 
ATG 


The average manual levels and the average ATG levels 
should be compared at each of the three test levels. If the 
average manual level and the average ATG level agree within 
+1 inch (25 millimeters) at all three levels, the ATG should 
be considered properly calibrated for inventory control. 


3.1B.4.5.6 Subsequent Verification of Accuracy 


Each user should develop a program for subsequent 
verification of accuracy. The program should provide ap- 
propriate accuracy of inventory control for installation. 


3.1B.5 Requirements for Data 
Collection, Transmission, 
and Reception 


3.1B.5.1 GENERAL 


The requirements for data collection, transmission, and 
receiving vary with type and make of ATG equipment. 
Manufacturer’ s recommendations. should be followed. Addi- 
tional requirements may have to be met to provide proper 
security and protection of the measured data. Further, the 
installation should conform to all applicable codes and 
regulations. 


3.1B.5.2 DATA COLLECTION UNIT 


3.1B.5.2.1 General 


A data collection unit collects the data on level and 
temperature measurements, for example, from one or more 
tanks. The unit may be in the level transmitter, or it may be a 
microprocessor-based field unit separate from the transmit- 
ter(s). Data collected by the unit are transmitted to a remote 
receiving unit, which may be a host computer. 


API MPMS*3.1B 92 MM 0732290 0501058 T = 


SECTION 1B—STANDARD PRACTICE FOR LEVEL MEASUREMENT OF LiauiD HYDROCARBONS IN STATIONARY TANKS BY AUTOMATIC TANK GAUGING 9 


3.1B.5.2.2 Electrical Classification 


Data collection units should be designed to meet the area’s 
requirements for electrical classification. Since the units are 
usually located outdoors, weatherproof or rain-tight 
enclosures (or junction boxes) should be the minimum 
provided. Explosion proof junction boxes should be equipped 
with adequate drains. 


3.1B.5.3 DATA TRANSMISSION 


3.1B.5.3.1 Interference From the AC Power 


Wiring 


All AC power wiring should be run within at least 3 feet 
or | meter of separation distance from the signal wiring. Most 
ATG systems do not require electromagnetic shielding of 
power wiring if the current is less than 10 amperes. 


3.1B.5.3.2 Radio Frequency Interference 


Particular efforts should be made to avoid interference 
from radio frequencies. Cable shielding and cable routing 
should be designed to minimize this interference. Filtering 
may be required at equipment inputs. 


3.1B.5.3.3 Signal Wiring 


Signals should be transmitted in pairs of twisted, shielded 
conductors in an insulated multipair cable installed in con- 
duits or buried. The line resistance should be calculated to 
meet the maximum resistance specified by the ATG manufac- 
turer. 

Alternatively, signals may be transmitted via other media 
such as fiber optics or coaxial cables, as recommended by the 
manufacturer. 


3.1B.5.3.4 Grounding 


Proper grounding is important to protect the gauging 
equipment from damage caused by transients or surges and 
possible loss of measurement data. Grounding requirements. 
vary by type and make of gauging equipment. Theréfore, 
manufacturer’s recommendations should be followed. ex- 
plicitly. 


In aerial installations, the supporting messenger should be 
bonded to ground. In buried cable installations, cable suitable. 


for direct burial should be used. In conduit systems, con- 


tinuity of ground through conduit joints should be ensured - 


either by proper makeup of joints or bonding connections 
around each joint. The number of grounding points required. 
varies depending on the format of data transmitted and the 
make of the gauging equipment. 
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3.1B.5.3.5 Wiring Shields 


The wiring shields may be copper, aluminum, or steel in 
accordance with the manufacturer’s recommendations. The 
overall shielding should be bonded together at all junction 
boxes and properly grounded. on. only one end either to a 
power line that has been grounded neutral or to a driven 
ground rod. 


3.1B.5.3.6 Signal-to-Noise Ratio 


The requirements covered in. 3.1B.5.3.2 to 3.1B.5,.3.4 
should be followed to provide immunity to noise pickup. 


3.1B.5.4 RECEIVING UNIT 


The receiving unit is usually located in the control house 
at the tank field or-at some other remote location. It should be 
able to do the following: 


a. Scan all tanks monitored by the ATG system in a manner 
that meets the requirements for data acquisition. 

b. Display all variables such as level, volume, temperature, 
gravity, and density, as appropriate, on a real-time basis. 

c. Accept manual inputs such as gravity or S & W as needed. 
d. Store tank calibration tables, volume correction table(s), 
and all constants required in the measurement if these 
table(s), and constants are not stored in the interface units 
mounted in the field. 

e. Perform or display computations and calculate quantities 
such. as. gross and net barrel volumes, transfer rales, and _ 


‘quantities for tank inventories. 


f.- Perform data validity: checks and alert the operator if 
etrors are detected. , 

g. Reset on the basis of manual gauging, should there bea 
transmission error. 

h. Display alarms such as maximum safe oil level and low 
pump-out level. 


3.1B.5.5 TRANSIENT AND LIGHTNING 
PROTECTION 


3.1B.5.5.1_ Transient Protection 


The term “transient” used in this standard refers to high- 
voltage, fast-rising, lower-energy pulses. The disturbances 
caused by transients usually have a duration of 0.2 second. 

Transient protection should be provided to the transmitter 
to ensure secure transmission of the measurement data. The 
shields and proper grounding described in 3,.1B.5.3.4 and 


- 3.1B.5.3.5 often provide adequate protection. However, if 


they. are more restrictive, the manufacturet’s recommenda- 
tions should be followed. ~ 
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3.1B.5.5.2 Lightning Protection 


Lightning or surge is a high-energy, fast-rising voltage 
pulse that temporarily causes an increase in line voltage over 
the operating tolerances normally permitted. 

Additional precaution against lightning should be 
provided in areas where there is a high incidence of lightning 
and, in particular, where the tanks are spread over a wide area 
remote from the central readout equipment. The lightning 
protection system should absorb energy from the lightning 
surge through the signal or power lines. 

The protective level for a surge should not interfere with 
the normal operation of the gauging equipment. Surges that 
can damage the gauging equipment should not pass through 
the system. The lightning protection devices should be main- 
tenance free and self-restoring. Selection and installation of 


protective devices should be based on the recommendations 
of the manufacturers of the gauging equipment. 

The lightning surge protectors should be installed at both 
ends of the signal transmission lines to protect the signal 
source and its receiving unit from electrical surges propagat- 
ing in both directions from the induction point. Lightning 
protection can also be provided by galvanic separation. 


3.1B.5.5.3 Grounding of Lightning Surge 
Protectors 


Ground wires for transient and lightning surge protectors 
should be connected to a good earth ground, such as a metal 
cold-water pipe. If a reliable earth ground is not available, a 
driven ground should be provided. Five ohms is an acceptable 
ground resistance. 
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@ APPENDIX A—SAFETY PRECAUTIONS: PHYSICAL CHARACTERISTICS AND FIRE 
CONSIDERATIONS 


Personnel involved with handling petroleum-related substances and other chemical 
materials should be familiar with the materials’ physical and chemical characteristics, 
including potential for fire, explosion, and reactivity, and appropriate emergency proce- 
dures. These personnel should comply with safe operating practices of the individual 
company and local, state, and federal regulations, including use of proper protective clothing 
and equipment. Personnel should be alert to potential sources of i ignition and should keep 
containers of materials closed when not in use. 


Note: Information regarding particular materials and conditions should be obtained from the employer, manufac- 
turer, or supplier of that material, or the material safety data sheet. 
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APPENDIX B—VARIOUS ATGS IN COMMON USE 


B.1 Statement of Purpose 


The following sections describe eight different types of 
ATGs presently in use. This list is not intended to completely 


describe all technologies that are available for automatic . 


measurement of tank level. Inclusion of the technologies 
described in these appendices should not be construed as 
endorsement by API. 

These appendices are tutorial and describe the principles 
of operation, typical installation methods, and specific re- 
quirements (in addition to those common to all ATGs) for 


each type of ATG. The information in these appendices is for 


use as reference. 

B.2 Description of ATGs 

B.2.1 FLOAT-OPERATED AUTOMATIC TANK 
GAUGES 

B.2.1.1 Description 


Float-operated automatic tank gauges (FTGs) are instru- ; 


ments that continuously measure liquid ullage levels by 
means of a float connected to a mechanical level indicator. 
On most FTGs, the float is guided by wires or cables. The 
float is connected by a perforated tape to the gauge head. The 
gauge head includes a take-up pulley that winds up or runs 
out the tape as the float moves up or down on the oil surface, 

The take-up pulley keeps the tape under tension by means 
of a negator spring, which compensates for the weight of the 
tape that is run out. The gauge head includes a display of the 
tank level, mechanically driven by the take-up pulley. The 
normal display is innageé, but for heavy viscous products it 
may be outage. The gauge head also includes an operation 
checker, which imparts a sudden movement to the tape as a 
check for free movement of the tape and float. 

The gauge head is usually mounted at the base of the tank, 
where the mechanical display can be easily read. The gauge 
head can also be mounted at the top of the tank. However, 
roof mounting requires the operator to climb to the top of the 
tank to read the FTG, unless the FTG includes a level trans- 


mitter that will electronically transmit the level reading toa - 


remote readout device. 


B.2.1.2 Factors Affecting the Accuracy of 


FTGs 
B.2.1.2.1 


The power for actuating an FTG is derived directly from 
the change in the displacement of the float. Since the force 
generated is quite small, the hysteresis of the FTG affects its 


Float Immersion 


Copyright por American Petroleum Institute 


Fri Feb 04 18:26:51 2005 


“13° 


accuracy, If the tank service is changed and the relative 
density of the oil changes, the float will move to a different 
level. The use of a large-diameter float with a small immer- 
sion depth minimizes such errors. The standard float is 
designed to give an error of less than Yo inch (2.5 mil- 
limeters) when the relative density of the oil changes from 
1.00 to 0.60. , 
B.2.1.2.2 Tape Weight 

When the oil level is low, the tape is fully run out and the 
tape weight adds to the weight of the float. Most FTGs include 
a counterbalancing mechanism, or negator spring, designed 
to minimize the error due to tape weight. The typical error 
caused by tape weight is less than +0. gn75 percent of level 
reading. 
B.2.1.2.3 Tape Windage in Floating Roof 
Tanks- 


When an FTG is mounted on a floating roof tank without 


‘astill well, the tape (or cable) is exposed to the wind and bows 


out, resulting in variable readings and understatements of the 
quantity of liquid in the tank. To minimizé this error, a 
stainless steel flexible cable with a maximum diameter of 
6 inch. (1.6 millimeters) should be used for the final con- 
nection from the tape conduit to the float. . 

B.2.1.2.4 Mounting Location of the Gauge 
Head 


The gauge head is usually mounted at eye level at the base 
of the tank so that it can be read without climbing the tank. 
This mounting usually results in the. tape conduit’s being — 
supported-by the shell and roof of the tank. When the tank 
shell bulges as the tank fills with oil, the roof and the top 
reference point move down, causing understatement of quan- 


tity. Refer to Chapter 3.1A for a discussion of the etrors 


caused by moving reference points. 

The optimum mounting for the gauge head is on the top of 
a properly installed still pipe. Top mounting on a still pipe - 
minimizes inaccuracy caused by movement of the top refer- 
ence point. Top mounting also minimizes hysteresis caused 
by sticking. guide pulleys and by the tape contacting the tape 
conduit in systems that are improperly designed or installed, 
Top mounting also prevents rust and condensation from the 
tape conduit from falling into the gauge head. 


B.2.1.2.5  _ Friction of FTGs 


Friction in the FTG assembly results in hysteresis and 
inaccuracy. A typical hysteresis error is +10 inch (2.5 mil- 
limeters). 
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B.2.1.2.6 Safety Precautions 


For FTGs that use conductive floats, as long as the float 
remains restrained by the guide cable or cable assembly, there 
is no hazard due to electrostatic discharge from the float. 
Because the guide tape and guide cables are themselves 
grounded, the ATG float will not develop a higher charge 
level relative to the tank or the liquid surface. 


B.2.1.2.7 Use of the Floating Roof as a Float 


Significant errors result if the tape is attached directly to 
the roof of a floating roof tank, and this procedure should not 
be used if high accuracy is desired (for custody transfers, for 
example). If the roof is subject to varying load, such as snow, 
during the transfer, it may then be desirable to connect the 
ATG to the roof. 


B.2.1.3 Specific Installation Requirements for 


FTGs 


The mounting of an FTG is a compromise between the 
conflicting requirements for accuracy, ground reading, cost, 
and easy installation. The following factors should be con- 
sidered, 


B.2.1.3.1. Grade Mounting Without a Still Pipe 


Figure B-1 shows the customary method of mounting an 
FTG at grade on a fixed-roof tank. The FTG is supported by 
the tape conduit, and the tape conduit is attached to the tank 
shell and the tank roof. Figure B-2 shows the customary 
mounting of an FTG on a floating-roof tank. The FTG is 
supported by the tape conduit, and the tape conduit is attached 
to the tank shell and the wind girder. 

In both installations, the tape conduit will move downward 
with the tank shell when the tank is filled. Movements as large 
as 0.75 inch (20 millimeters) for a 40-foot (12-meter) tank 
have been observed. The error in the FTG reading is doubled 
because the tape goes both up and down. 


B.2.1,.3.2 Top Mounting Without a Still Pipe 


The FTG can be supported on the roof of a fixed-roof tank. 
These installations will experience about half the measure- 
ment error of an FTG mounted at grade. The friction and 
hysteresis will be less, Figure B-3 shows this type of instal- 
lation, Mounting on a floating-roof tank is similar to mount- 
ing on a fixed-roof tank except that the gauge is supported by 
the shell. 


B.2.1.3.3 


Figures 1(A) and 2(A) show an FTG mounted on a still 
pipe on a fixed-roof tank. Figures 1(B) and 2(B) show an FTG 
mounted on a still pipe on a floating-roof tank. Both of these 


Top Mounting With a Still Pipe 


Copyright por American Petroleum Institute 
Fri Feb 04 18:26:51 2005 


installations should deliver higher accuracy than FTGs 
mounted without still pipes. 


B.2.1.3.4 Grade Mounting With a Still Pipe 


It is possible to mount an FTG at grade and also use a still 
pipe, although this procedure is rarely done. The still pipe 
should be supported on the bottom of the tank to avoid the 
error caused by movement of the tank shell when the tank is 
filled. 


B.2.1.3.5 Gauge Head Elevation 


When mounted at grade or on the top of the tank, the gauge 
head should be at eye level to permit easy reading and to avoid 
parallax. 


B.2.1.3.6 Mounting of FTGs 


The FTG and the tape conduit should be mounted securely 
to the tank shell, and brackets should be properly attached and 
adequately spaced to hold the gauge in fixed relation to the 
tank and in proper alignment at all points. Any movement of 
the top tape conduit from its fixed horizontal position will 
introduce erratic gauging errors, so installation should be 
designed to avoid movement of the tape conduit. A bellows 
or slip joint may be required where the tape conduit enters the 
fixed roof. 


B.2.1.3.7 Float Guide Wires 


Float guide wires should be installed plumb and properly 
centered, should be free of kinks or twists, and should be 
pulled tight under proper spring tension. When the FTG is 
mounted, the tape, cable, and connecting elements should be 
centered. They should not touch or rub against the inside of 
the tape conduit at any point. Travel of the float through the 
normal range from top to bottom of the tank should be smooth 
and free, with no binding or friction. The tape, cable, guide 
pulleys, gauge head, and all components of the FTG should 
be checked through the entire range to ensure free operation. 


B.2.1.4 Checkout and Calibration of the 
Gauge and Transmitter Assembly 
B.2.1.4.1 Mechanical Checkout 


The FTG installation can be checked out by (1) exercising 
the gauge head by disconnecting the cable or tape from the 
float and pulling the cable or tape through the head; (2) 
connecting the level transmitter to the gauge head and repeat- 
ing the process; and (3) connecting the cable or tape to the 
float for final calibration. 
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Inspection frame (specify if 


required) 
Legend: : Legend: 
1. Tank gauge : , 1. “A” frame 
2. Tank bracket 2. Pan float 
3. 90° Pulley 3. Gable 
4. Tape Cae , P * 
5. ponekniciid float Figure B-2—Customary Method of Mounting a 
is Pere fe Float-Operated Automatic Tank Gauge ona 
+ Anchor bar H 7 
& 8. Guide wire sarin Floating-Roof Tank 
Figure B-1—Customary Method of Mounting a 


Float-Operated Automatic Tank Gauge ona 
Fixed-Roof Tank 


Support bracket 


a 


required) 


Inspection frame (specify if ra 


Figure B-3—Customary Method of Mounting a Float- 
Operated Automatic Tank Gauge to Top of Tank Without 
Still Pipe | 
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Final Calibration of the Level 
Transmitter 


B.2.1.4.2 


After the transmitter has been installed and wired, it should 
be connected to the gauge head, and the transmitter output 
should be adjusted to agree with the reading of the gauge 
head. The output of the transmitter should then be checked 
against the readout of the gauge head over the entire range, 
as described in 3.1B.4.4 and 3.1B.4.5. 


B.2.1,5 Installation on Floating-Roof Tanks 


B.2.1.5.1 Separate Float 


To avoid errors caused by roof tilt, the cable should not be 
attached directly to the floating roof. The most accurate 
procedure is to install the float in a large-diameter still pipe, 
which can also serve as a guide for the floating roof. The float 
may also be installed in a float well in the floating roof. The 
float well should be the proper size for the float and should 
have a baffle or retainer in the bottom to retain the float if the 
roof is taken out of flotation. 


B.2.1.5.2 Windage Error 


To minimize windage error, no tape should be exposed 
outside the tape conduit. The exposed connecting link be- 
tween the tape and the float should be a stainless steel flexible 
cable with a maximum diameter of '6 inch (1.5 millimeters). 


B.2.1.5.3 Installation on Tanks in Service 


Special installation procedures are available to permit 
FTGs to be installed on tanks in service without requiring tank 
entry or hot work. It is common practice to use flexible 
stranded guide cables instead of solid guide wires. The lower 
ends of the cables are secured by attaching a suspended 
weight of sufficient mass to hold the cables straight. The 
weight is located just above the bottom of the tank. 

It is important to install the cables vertically and free of 
any kinks or loops that would interfere with free operation of 
the float. The installation should be made when the tank is 
almost empty. The entire FTG installation should be checked 
to assure free movement. The installation should be converted 
to a conventional installation when the tank is next taken out 
of service. 


B.2.2 SERVO-OPERATED AUTOMATIC TANK 
GAUGES 
B.2.2.1 Description 
Servo-operated automatic tank gauges (STGs) are instru- 
ments that measure liquid level continuously by suspending 


a small displacer into the liquid from a flexible cable or tape. 
The displacer has a higher density than the liquid in the tank 


and follows the surface of the liquid via a servo mechanism 
that is actuated by a zero-balance detection system. 

The cable has a precise diameter and is stored on a grooved 
measuring drum with a precise diameter. Alternatively, the 
tape may have precisely spaced sprocket holes that locate it 
on a sprocket wheel of known diameter. The drum shaft is 
coupled to the servo-balance mechanism by one or more 
symmetrically mounted springs or a weighing mechanism. 

In the equilibrium position, the weight of the partially 
immersed displacer balances the pull of the springs. A level 
variation causes a change in the buoyancy of the displacer, 
which activates a bidirectional servo motor through an in- 
tegrator circuit. When the servo motor rotates, its shaft drives 
the measuring drum, raising or lowering the displacer until 
equilibrium is restored. 

STGs also include a motor indicator, transmitter, local 
level indicator, and other accessories. 


B.2.2.2 Factors Affecting the Accuracy of 
STGs 
B.2.2.2.1 Mounting Location 


STGs are usually mounted on top of the tank on a still pipe, 
which is the optimum and most accurate installation. Refer to 
Chapter 3.1A for a discussion of the errors caused by moving 
reference points. 
B.2.2.2.2 Cable or Tape Windage in Floating- 
Roof Tanks 


When an STG is mounted on a floating-roof tank without 
astill pipe, the cable or tape is exposed to the effects of wind. 
The wind causes the cable or tape to bow out, which results 
in variable readings and understatement of quantity. 


B.2.2.2.3 Cable and Drum Tolerance 


The error depends on the manufacturing tolerances of the 
measuring drum, the measuring cable, and the minimum 
travel required. Typically, this error is less than 0.004 inch 
(0.1 millimeter). 


B.2.2.2.4 Weight of the Measuring Cable 


The error caused by the influence of the weight of the 
measuring cable can be determined by the ratio of the weight 
of cable per unit length to the buoyancy force. Typically, this 
error is less than 0.008 inch for every 30 feet of cable (0.2 
millimeter for every 10 meters of cable). Current 
microprocessor-based STGs may be able to compensate for 
weight of the cable and imperfection of the drum. 


* 
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B.2.2.2.5 Change in Relative Density of the 


Product 


The sensitivity to density change of the product depends 
on the immersion of the sensing element in the equilibrium 
position. The maximum immersion occurs at thie lowest posi- 
tion in the tank as a result of the weight of the measuring wire. 
Typically, this error is less than +0.01 inch for each 0.1 
relative density change (0.25 millimeter for each 100 
kilograms per cubic meter relative density change). 


B.2.2.2.6 Mounting Location 


STGs are normally mounted on the top of the tank on a 
properly designed still pipe. If an STG is mounted at the base 
of the tank or supported by the roof or the shell, it will be 


subject to the same mounting errors that affect similarly - 


mounted ATGs. Refer to Chapter 3.1A for a discussion of the 
errors caused by moving reference points. 


B.2.3 HYDROSTATIC TANK GAUGES 


B.2.3.1 Description 


Hydrostatic tank gauges (HTGs) use precision pressure 
sensors and a temperature sensor connected to the tank at 
various locations (Figure B-4) to make the primary measure- 
ments. The primary measurement of an HTG is liquid head. 
Using liquid head and the tank capacity table will enable the 
mass, density, volume, and level to be derived or calculated 
from this primary measurement. 

The calculations are shown in simplified form in Figure 
B-4, The complete equations account for additional effects 
such as local acceleration of gravity, density of the vapor 
above the liquid, and tank expansion with temperature. 


B.2.3.1.1 Density Measurement 


HTGs are included within the scope of density measure- 
ment standards because they can be used as ATGs to provide 
level, temperature, and corrected volume measurements. Be- 
cause of their inherent measurement technique, HTGs also 
provide continuous on-line measurement of the observed 
density of the liquid between the two pressure sensors. This 
measurement permits calculation of standard density or API 
gravity. 


B.2.3.1.2 HTG Equipment 


The pressure sensors should be accurate, stable, and 
temperature characterized. Inaccuracy, including ambient 
temperature effects, should typically be less than +0.02 per- 
cent of the upper range value. The pressure sensors should 
use a measurement technique that is free from long-term drift. 
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A resistance temperature detector (RTD) is also used to 
determine the liquid temperature in the region between the P1 
and P2 sensors, 

The pressure and temperature sensors are wired fo the field 
interface unit, which powers the sensors, interprets the meas- 


~ urements, and does the inventory calculations. The field 


interface unit also transmits the inventory measurements 
digitally, over wires, to a remote control room. 


B.2.3.1.3 Safety Precautions 


If the liquid is flammable or toxic, proper procedures 
should be followed when venting the pressure sensors for 
zeroing. . 


Factors Affecting the Accuracy of 


B.2.3.2 
HTGs 
B.2.3.2.1 Standard Density 


The value of standard density used by an ATG in the 
standard volume calculation can come from two sources. If 
no P2 sensor is used, standard density is a user-entered value. 
If a P2 sensor is used, the HTG continuously measures the 
density of the liquid in the region between the P1 and P2 
sensors: It also measures the temperature in that same region 
and calculates standard density using the API paunons for 
density. variations with temperature. 


B.2.3.2.2 Temperature Measurement 


An RTD should be properly located in the region between 
the Pi and the P2 sensors to provide the necessary tempera- 
ture input. Chapter’7, Section 4 covers the requirements for 
fixed automatic tank temperature measurement. 


B.2.3.2.3 Calculations 


The calculation of level (and volume, density, and mass) 
should take into account the local acceleration of gravity, the 
mass of.the vapor above the liquid (corrected for tempera- 
ture), the density of the air around the gauge pressure sensors 


. Corrected for temperature), the tank shell expansion factors 


for heated or cooled tanks (insulated or uninsulated), and the 
calibration-of the pressure transmitter in either air or vacuum. 
B.2.3.3 Level Accuracy With Stratified or 
Layered Liquids 


Temperature Siraliheation or layering of a homogeneous 
liquid of a uniform density affects the observed level and 


. volume calculations but not the standard volume calculation. 


Stratification or layering of liquids of different density in the 
tank causes errors in both the observed level and the standard 
volume calculations. The. magnitude of these errors is a 
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Pressure sensor 


Simplified Calculations: 


Hand-held 
terminal 


| 


Field interface unit 


/ 


Mass = (P1-P3)A: Where A is the equivalent area from strapping 


table determined by dividing volume (V) by level (Z): 


_V 
aay 


Density (D) = ne 
P1-P3 


Level(L) = D 


Mass 


Standard Volume = ——_——_—___—_ 
Density at ref. temp. 


Figure B-4—Typical HTG Hardware Arrangement and Simplified Calculations 


function of the difference in standard densities, the relative 
amounts of each of the different liquids, and their locations. 

Effect of Liquid Velocity. Errors may be introduced by the 
velocity components that result from pumping or mixing in 
the liquid perpendicular to the pressure sensor taps. 


B.2.3.4 Installation of HTGs 


B.2.3.4.1 Sensor Installation 


A P1 pressure sensor, located near the bottom of the tank, 
is always required. A P2 pressure sensor, when utilized, 
should be mounted approximately 8 feet or 2.5 meters above 
the Pl sensor. Alternatively the separation distance may be 
25 percent of the maximum safe fill height. The distance 
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between P1 and P2 can be decreased at a sacrifice in meas- 
urement accuracy of the level and standard volume caused by 
less accurate density measurement. The minimum practical 
separation distance should be more than 4 feet (1.2 meters). 

The P2 sensor should be mounted directly above the P1 
sensor to make it easier to measure the separation distance. 
However, if necessary, the two sensors can be in different 
vertical planes. 


B.2.3.4.2 


The P3 sensor is mounted at the top of the tank and is 
required only when there is varying ullage pressure. The 
sensor should be used if the variation in ullage pressure is 
measurable. Fixed-roof tanks that are vented to the atmos- 


Top Sensor (P3) 
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phere and floating-roof tanks do not normally require a P3 


sensor. The operation of the pressure-vacuum valve on a 
fixed-roof tank may cause a small error, which can be 
eliminated by installing a P3 sensor. 


B.2.3.4.3 Block Valves 


The block valves (Figure B-5) installed between the tank 
and the pressure sensor should be the type that do not displace 
any fluid as the valves close, This requirement prevents 
overpressuring the sensor during zeroing. When block valves 
remain closed for a longer period of time, follow 
manufacturer’s recommendations to prevent overpressuring 
the sensor by thermal expansion of the liquid that is blocked 
in due to sun radiation or heat tracing. 


B.2.3.4.4 Bulging of the Tank Shell 


Most tank walls bulge with increasing level. In order to 


maintain the elevation stability of the pressure sensors, the 


nozzle and the block valve should be kept as short as possible. 
Also, for applications where highest accuracy is required, two 
designs may be considered: 


a. A U-bend assembly, as shown in Figure B-6, will mini- 
mize vertical movement. A rigid bar (also shown in the 
figure) between the P1 and P2 sensors will minimize differen- 
tial motion. 

b. An H-bar pipe section with a flexible oe as shown in 
Figure B-7, will minimize vertical movement. 


B.2.3.4.5 Resistance Temperature Detectors 


(RTDs) 


A thermowell of the appropriate size for the RTD should 
be installed. When both P1 and P2 sensors are used, the HTG 
uses the measured temperature to correct the actual density 
measurement to standard density. Therefore, the average 
temperature measured should represent the temperature be- 
tween the P1 and P2 sensors, where the density is measured. 
For this reason, the thermowell should be located on the same 
side of the tank as the pressure sensors, in or neat the vertical 
plane established by the P1 and P2 sensors. The thermowell 
should be approximately halfway between P1 and P2 and 
should have a penetration distance of at least 36 inches (900 
millimeters). The thermowell should be located to clear the 
floating roof in its lowest position. 


B.2.3.5 Calibration 


The following points are recommended in addition to the 
general procedures for ATG calibration covered in 3.1B.4. 
Innage manual gauging should be used to compare HTG 
readings. 
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B.2.3.5.1 Preliminary Calibration and Setting 


Prior to installation, the HTG should be pretested and 
calibrated under controlled conditions at the manufacturing 
plant. The calibration conditions should simulate normal field 
operation as closely as possible. 


B.2.3.5.2 Establishing a Zero Datum 


The calibration should be done at alevel approximately 1 
foot (300 millimeters) above the P2 sensor to minimize the 
effects of temperature or density stratification. 

When the HTG is first installed, the pressure sensors 
should be vented and a zero-gauge pressure reference estab- 
lished per manufacturer’ s recommended procedures. Follow- 
ing the zeroing of the sensors, a zero-level datum should be 
established. Since the precise elevation of the P1 sensot above 
_ the datum plate is not usually known, the zeroing procedure 
should provide a zero with the level established by repeated 
manual gauging. 

Accurate measurement of the distance between PL and P2 
should be. obtained, preferably within +142 inch (1 mil- 
limeter). Alternatively, the zero procedure may provide a 
liquid density based on laboratory determinations of the 
liquid in the tank. The HTG should be zeroed on the basis of 
the known liquid density. 

B.2.3.5.3 Maintenance and Validation 
Requirements 


HTG insfallations should be checked periodically per the 
manufacturer’s instructions. The pressure sensor’s zero 
should be checked as described previously. The sensor should 


-be rezeroed if required. For accuracy validation, refer to 


'. B24 


3.1B.4.4 and 3.1B.4.5, 
RADAR TANK LEVEL GAUGES | 


B.2.4.1 Description 

Radar tank level gauges (RTGs) measure the fime it takes 
for a radar wave.to go from-the RTG to the liquid surface and 
back again, Typically, an RTG includes a radar transmitter, a 
radar antenna with a narrow vertical beam, a radar receiver, 
and signal processing electronics. The method depends onthe 
fact that radar waves have a stable velocity in spite of different 
atmospheric conditions. 


B.2.4.2  — Safety Precautions 

No electromagnetic radiation that is hazardous to humans 
should be generated by the RTG during normal use or during 
testing and service. The highest microwave power level 
should be less than 2 milliwatts, 
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Pipe with 150# ANSI flange 


Liquid 


Block valve. Full bore. 


— HTG pressure sensor 


Figure B-5—Typical Tank Connection and Block Valve 


Support angle 
TSs4-~ carbon steel 


(not shown) 


Side view 


Sensor top-works 


Tank wall Support angle 


Block valve. Full-bore. 


U-bend assembly 


Top view 


Figure B-6—Typical Mounting Arrangement for HTG Pressure Sensors 
With a U-Bend Assembly 


B.2.4.3 Factors Affecting Accuracy of RTGs 
B.2.4.3.1 Smoothness of the Liquid Surface 


Although a filter smooths the reading variations caused by 
arough liquid surface, movements such as waves in the liquid 
surface may influence the readings. 


B.2.4.3.2 Foaming 


A light foam on the surface of a hydrocarbon liquid should 
not influence the level reading, as the radar wave passes 
through and is reflected from the liquid surface. A heavy foam 
with a high water content may temporarily result in a lost 
radar echo, which should initiate an alarm. 
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B.2.4.3.3 Moisture 


For use in environments where condensing of water is 
expected to be heavy, the antenna design should allow water 
to drip off. Water could otherwise result in absorption of radar 
echo. 


B.2.4.3.4 Error Due to Pressure in Tanks 


The velocity of radar waves depends slightly on atmos- 
pheric conditions (mainly humidity) and on the composition 
of any hydrocarbon vapor present in the ullage space. For 
tanks at atmospheric pressure, the practical influence of these 
conditions is typically 0.01 percent. 
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Bottom plus middle 


Top view 


i 


mount identically 


Side view 


Front view of H-Bar 


Figure B-7—Typical Mounting Arrangement for HTG 
Pressure Sensors With an H-Bar 


B.2.4.3.5 Tank Internal Structure 


The manufacturer’s recommendations concerning the ef- 
fect of internal pipes, supporting beams, and tank walls 
should be followed to avoid influencing the accuracy of the 
RTG. Obstacles above the liquid surface within-a cone of 
approximately 12 degrees may influence accuracy. ; 


B.2.4.4 Installation of RTGs 


B.2.4.4.1 Installation on Fixed-Roof Tanks 


When mounting an RTG (Figure B-8) on a manhole on the 
tank roof, an adaptor may be required to mate with the 
mounting flange of the RTG. The mounting flange or man- 
hole should be reasonably horizontal. The RTG should in- 
clude a suitable means to allow adjustments of antenna 
direction. 


B.2.4.4.2 General Free Space Requirements 


The radar antenna beam is not “sharp.” To avoid distur- 
bances from internal piping, beams, agitators, and so forth, 
the manufacturer’s instructions should be followed. These 
instructions describe the free (clear) space that is required to 
avoid obstructing the radar waves. 
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B.2.4.4.3 Distance to Tank Wall 

"Certain liquids such as asphalt may build up on the tank | 
walls. The RTG should thus not be located too close to the 
tank wall. Manufacturer’s recommendations should be fol- 
lowed. 


B.2.4.4.4 - Minimum Measuring Range 

The minimum distance between the liquid surface and the 
antenna should not be less than the manufacturer’s recom- 
mendations. 


B.2.4.4.5 Mounting Stability 

The mechanical mounting of the RTG should be stable to 
avoid movement of the RTG with respect to the measurement 
reference point. Refer to Chapter 3.1A for a discussion of the 
errors caused by moving reference points. 


B.2.4.4.6 Transmitter Cleaning 

Ifthe RTG is used to measure heavy condensing products, 
such as asphalt or molten sulfur, the transmitter should in- 
clude a cleaning hatch to facilitate cleaning. 
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B.2.4.5 Installation on Floating-Roof Tanks 


B.2.4.5.1 


A still pipe should be used for the measurements in tanks 
with floating roofs or with internal floating pans. 


General 


B.2.4,5.2 Mechanical Installation 


The RTG is normally mounted on top of the still pipe 
(Figure B-9). Mounting adaptors are necessary to cover the 
various cases. The connection to the still pipe is often a 
conical pipe transition, which is part of the RTG. 


B.2.4.5.3 


In virtually all cases, the existing still pipe should be 
suitable for use if it meets the following criteria: 


a. The total area of the slots does not exceed 9 square feet 
for an 8-inch pipe (1 square meter for a 200-millimeter pipe) 
or 27 square feet in a 12-inch pipe (3 square meters in a 
300-millimeter pipe). The reason for this restriction is to 
avoid too much “leakage” through the slots. 

b. The still pipe is vertical (within 1 degree). 

c. The still pipe has a reasonably uniform inside diameter. 
(Any inner obstructions should be removed.) The inner 
diameter of the still pipe affects the linearity of level meas- 
urement because the diameter influences the propagation 
velocity. 


Still Pipe Requirements 


B.2.4.6 Calibration 


B.2.4.6.1 Initial Calibration 


The RTG should be pretested and calibrated after installa- 
tion. The calibration should be done when the tank is ap- 
proximately half full. 

The initial calibration is basically a number of standard 
measurements followed by adjustment to make the displayed 
readings coincide with the manually gauged levels. 


B.2.4.6.2 


The calibration of an RTG on a still pipe requires measur- 
ing the diameter of the still pipe for use in the calibration. 


RTGs on Still Pipes 


B.2.5 CAPACITIVE TANK LEVEL GAUGES 


B.2.5.1 Description 

Capacitive tank level gauges utilize a vertically installed 
rigid probe perpendicular to the liquid surface. The com- 
ponents of the measurement are the capacitance plate area in 
the probe, the dielectric constant of the fluid, and the distance 
between the capacitor plates. The change in capacitance with 
respect to liquid level is a direct function of the dielectric 
constant of the measured material and the air or vapor space 


above the liquid. As level changes in the tank, the dielectric 
constant will correspondingly change, providing a con- 
tinuous-level analog measurement. 


B.2.5.2 Factors Affecting Accuracy of 


Capacitive Tank Level Gauge 


The accuracy of the level measurement may be affected 
by the following: 


a. Temperature changes affecting the dielectric constant of 
the liquid. 

b. Coating of the probe with conductive material such as 
water vapor or heavy viscous oil. 

c. The number of probes used to cover the span. 


installation of Capacitive Tank Level 
Gauges 


B.2.5.2.1 


The level measurement sensor is typically mounted from 
the tank roof. The sensor should be installed so that there is 
adequate allowance to avoid agitation and undue turbulence. 
To protect against turbulence, a baffle may be used. Other 
common installation techniques include still pipes, float 
cages, or external side arms. 


B.2,5.2.2 Maintenance and Calibration 


Periodic manual gauging is recommended to confirm the 
integrity of the measurement of capacitive level. In addition, 
for extended operation, the capacitive level gauge should be 
checked to ensure that no buildup occurs on the level measur- 
ing element. 


B.2.5.2.3 Local Readout 


A typical gauge for capacitive tank level provides readout 
of level in either analog (4-20 milliamperes) or digital format. 


B.2.6 SONIC AND ULTRASONIC TANK LEVEL 
GAUGES 
B.2.6.1 Description 


Sonic and ultrasonic tank level gauges utilize a generator 
or transponder that is mounted on top of the tank and emits 
an acoustical signal, usually below 10 kilohertz for sonic, and 
approximately 20 to 25 kilohertz for ultrasonic level instru- 
ments. Upon striking the surface of the liquid, the signal 
returns an echo. The elapsed time from the initiation of the 
transmitted burst to the reception of the echo is proportional 
to the distance from the transponder to the surface of the 
liquid. 
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Radar gauge 
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i Minimum offset. of 3 feet (1m.) 
Maximum level 


12° (minimum) 
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@ Figure B-8—Mounting an RTG on a Manhole 


Weather protection 


ce Cover 


Flange 
Antenna parabola ——————— 
“Antenna/wave guide 
Antenna feeder 
FIXED-ROOF TANK 
STILL PIPE ON FLOATING-ROOF TANK 
@ Figure B-9—-RTG Antenna Mounted on a Fixed-Roof Tank and a Still Pipe 


on a Floating-Roof Tank. 
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B.2.6.2 Factors Affecting Accuracy of Sonic 


and Ultrasonic Tank Level Gauges 


B.2.6.2.1 Wave Absorption 


A proportion of the acoustical wave energy striking the 
stored medium may be absorbed by the vapor above the 
liquid, causing a shift in calibration of the gauge. 


B.2.6.2.2 


Temperature compensation should be provided, since the 
velocity of the transmitted acoustical wave is temperature 
dependent. 


Temperature Compensation 


B.2.6.2.3 Smoothness of the Liquid Surface 


Irregular movements of the liquid surface may affect the 
level readings. 


B.2.6.3 Installation of Sonic or Ultrasonic 
Tank Level Gauges 
B.2.6.3.1 Sensor and Transmitter Installation 


The sensor is typically mounted on the tank roof and aimed 
to direct the signal toward the product to be sensed in order 
to provide the most direct path of measurement. 


B.2.6.3.2 Separation 


The manufacturer’s recommendations should be followed. 
for the maximum separation between the sensor and maxi- 
mum expected liquid level. 


B.2.6.3.3 Transmission Path 


The sensor should be mounted so as to provide a clear, 
unobstructed path to the liquid surface. 


B.2.6.3.4 Still Pipes 


The sensor may be flange mounted for installation on a 
still pipe. 


B.2.6.3.5 Transmitter Cleaning 


To facilitate the removal of any coating or buildup on the 
transmitter, the design and installation of the transmitter 
should allow for periodic cleaning. 


B.2.7 INDUCTIVE TANK LEVEL GAUGES 


B.2.7.1 Description 

Inductive tank level gauges use a digital position signal 
generated in the measurement element by inductive interac- 
tion with a transponder integral to a float assembly. The 
measurement element consists of a number of conductors that 


run the full length of the element and terminate in a digital 
transmitter. This excitation loop provides an inductive power 
source for the transponder within the float. 

Coded conductors, integral to the measurement element, 
are arranged in a unique gray code pattern for each 0.05-inch 
increment. During the time when the excitation loop is un- 
powered, the transponder electromagnetically induces a low 
voltage into the coded conductors at the point of level meas- 
urement. By scanning each conductor, the transmitter deter- 
mines the exact location of the float and transponder and 
hence the level. 

An inductive tank level gauge may incorporate single- or 
multiple-temperature sensors, installed integrally within the 
level measurement element. 


B.2.7.2 Installation of Inductive Tank Level 
Gauges 
B.2.7.2.1 Sensor and Transmitter Installation 


The level measurement sensor is typically installed 
through a suitably sized aperture on a fixed- or floating-roof 
tank. The installation should provide protection against fric- 
tion or undue turbulence. For best accuracy, a suitably sized 
still pipe should be provided. The transmitter is typically 
mounted on the tank top and has a direct connection to the 
level sensor. 


B.2.7.2.2 Float and Transponder 


The float and transponder assembly for the inductive tank 
level gauge is typically installed around the level sensor 
element to provide free and unobstructed movement of the 
assembly over the complete length of the level sensor. 


B.2.7.2.3 Upper Mounting Hardware 


The installation and termination at the upper-level sensor 
typically consists of either a compression fitting or flange 
assembly. 


B.2.7.2.4 Lower Mounting Hardware 


The lower mounting hardware of the inductive tank level 
gauge typically consists of weight, magnet, hook, or spring- 
loaded bolt assembly. These elements should be sized to 
conform with the dimensions of the tank opening and the 
operating specifications. 


B.2.7.2.5 Maintenance 


After extended operation, the installation should be check- 
ed to ensure that no buildup has occurred between the meas- 
urement element and the transponder. 
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B.2.8 RESISTIVE OR ELECTRO-OHMIC TANK 
LEVEL GAUGES 
B.2.8.1 Description 


Resistive or electro-ohmic tank level gauges. utilize a 
flexible measuring element that converts distance along its 
length into ohmic resistance. The sensor core is an insulated, 
Stainless steel strip with a gold contact on one side. A 
nichrome helix is wound around the core, and a Teflon jacket 
encloses the assembly. Pressure on the outer jacket forces the 
helix turns to short-out against the gold contact strip. As level 
varies, the hydrostatic pressure below the liquid surface 
causes helix shorting. The resulting electro-ohmic resistance 
indicates the length of active (unshorted) helix and the dis- 
tance from sensor top to liquid surface. 


B.2.8.2 Factors Affecting Accuracy of 


Resistive Tank Level Gauges 


Specific gravity will affect accuracy. A 1 percent change 
in normal density corresponds to a nominal 1-millimeter 
change in indicated level. 
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. B.2.8.4 


Installation of Resistive or Electro- 
Ohmic Tank Level Gauges 


B.2,8.3 


The sensor is typically installed on a tank roof in a still 
pipe. A still pipe serves to locate the sensor precisely within 
the tank and provides protection against turbulence and float- 
ing objects, 


Maintenance 


A resistive or electro-ohmic tank level gauge relates loca- 
tion along the wound helix to a scale of ohmic resistance 
values, With the sensor head secured at the tank top, the 
resistance helix is permanently located within the tank struc- 
ture, and ohmic values up and down the tank heights are 
precisely defined, 


B.2.8.5, Local Readout and Communications 


Typically, resistive or electro-ohmic tank level gauges 


provide both analog and digital displays and signal output. 
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